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Assimilating the Information DelugeAssimilating the Information Deluge

The peer-reviewed biomedical literature is the 
primary medium for reporting biomedical 
results

– Research reports, review articles, 
conference proceedings, etc.

– Important information is often available only 
in free text

NLP is relevant to:
Information retrieval
Data integration

– Defining context
– Provenance tracking and citation 

identification
Complement to high throughput biology

– Microarray analysis
– Proteomics
– Network analysis
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Goals and Value Added for NLPGoals and Value Added for NLP

Capturing the complexity of biomedical science 
represented in the literature
– Pathways and interaction maps are a very simplistic view
– Accelerated access to full text
– Fine grained indexing and retrieval

Analysis of complex processes
– WNT signaling mapping literature references interactions
– Free text to machine readable and searchable formats

• MarkerInfoFinder
• SNP Annotaiton
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NLP: Can Machines Read?NLP: Can Machines Read?
Biomedical literature is complex

– Specialized vocabularies
– Complex sentence structures
– Complex and uncertain underlying knowledge

Literature is the knowledge repository
– Half century of failed attempts to get experts to use inputs that are 

convenient for the computer
– Tradition of peer reviewed literature is responsible for the scientific 

revolution
• Did not begin with Gutenberg
• Transaction of the  Royal Society

– Newton, Hooke, Raleigh, …

NCIBI goals
– Partnership and synergy with NCBO
– Take limited validated steps

• Build increasingly sophisticated modes into information retrieval
• Machine assisted knowledge extraction

– Build on successes in the NLP community
• Named entity recognition and matching

"Help! It's a thesaurus!" 

Sure, somehow we all do!
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Information Extraction Information Extraction vsvs
Information RetrievalInformation Retrieval

Information Extraction
and Analysis

Information 
Retrieval

• Article Retrieval (publishers)
• Term-Based Queries (e.g. Pubmed)
• Structured Databases (e.g. BIND)
• Canonical Resources (e.g. STKE)

• Database Integration
• Full and Partial Parsing
• Statistical Text Processing
• Assist Model Building (e.g. ODE)

Pilot Project: Wnt Signal Pathway Reconstruction
- full parse vs. human expert curation
- good performance, can we expand it?
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NLP PipelineNLP Pipeline
NLP Pipeline Overview
• MS-SQL Server
• XML-based documents
• Tabular data for names and individual 

sentences

User-selected queries against Pubmed:
• “prostate cancer”
• “prostatic neoplasms”[MH]
• “androgen receptor”
• “wnt and beta-catenin”

Provenance on parse and terms
Sentence-level subject-verb-object tuples
Named entities resolved against databases

For each document:
• Perl, Minipar, TGrep2, tidy => 

normalized XML
• Split to document sections
• Split sections to paragraphs and 

sentences
• Named entity tagging and resolution
• Parse sentences with Minipar
• sentences individually assigned ID
• Extract with Tgrep2 to: 

SUBJECT-VERB-OBJECT tuples
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Challenges in Biomedical NLPChallenges in Biomedical NLP

Complex
– Very large vocabulary

• More than a million gene 
names and synonyms

– Long sentences with complex 
structure

• Many parsers literally fail

Bottom up
– Name collisions

• PCR => phosphocreatine
(and premature contraction)

– Inconsistent and domain 
specific definitions

– Too many ontologies
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Available ResourcesAvailable Resources
Focus on
protein-protein interactions
protein-gene interactions

Metadata: MeSH

Pubmed/PubMedCentral

Ontology Databases

P-P Interaction Databases

Pathway Databases

assertions linked to literature
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Cerberus ->  Wnt Wnts 10067895
WIF <-> Wnt 10201374
Dickkopf Dkk <-> LRP 11357136 11433302 11448771
Dickkopf Dkk <-> Kremen Krn 11357136
Wise  <-> LRP 12900447
Wnt <-> Frizzled 8717036
Wnt <-> FRP Frp 8717036
LRP <-> Wnt Wnts 11029006 11029007 11029008
LRP <-> boca mesd 12581525 12581524
Proteoglycans PG<-> Wnt 2158444
Dishevelled Dishevelled dishevelled disheveled Dsh Dvl <-> CK1e  CKI 105176 3210535959
Dishevelled Dishevelled dishevelled disheveled Dsh Dvl Dvl <-> CK2 CKII 9214626 12700239
Dishevelled Dishevelled dishevelled disheveled Dsh Dvl <->  GBP Frat1 Frat-1 10428961 10882137 10684251
Dishevelled Dishevelled dishevelled disheveled Dsh Dvl <-> Par-1 11433294
Dishevelled Dishevelled dishevelled disheveled Dsh Dvl <-> PP2C 10644691
PP2C <-> Axin 10644691
Dishevelled Dishevelled dishevelled disheveled Dsh Dvl <-> Frodo 11941372
Dishevelled Dishevelled dishevelled disheveled Dsh Dvl <-> naked cuticle gene naked 10693810 11274052
Dishevelled Dishevelled dishevelled disheveled Dsh Dvl <-> Axin 10329628 10882137 9920888
Dishevelled Dishevelled dishevelled disheveled Dsh Dvl <-> Dapper Dpr 11970895
Dishevelled Dishevelled dishevelled disheveled Dsh Dvl <-> Disabled-2Dab-2 
Disabled2 Dab2 12805222
Disabled-2Dab-2 Dab2 Disabled2 <-> Axin 12805222
LKB1 XEEK1 <-> GSK 12973359
Armadillo beta-catenin <-> zw3 GSK-3b GSK3 GSK3beta 9554852 9601644 10073940
11927557 12000790
Armadillo beta-catenin <-> Casein Kinase 1 casein kinase 1 CK1a CKI CKIalpha 955485
2 9601644 10073940 11927557 12000790
Armadillo beta-catenin <-> APC 9554852 9601644 10073940
Armadillo beta-catenin <-> Axin 9554852 9601644 10073940
Armadillo beta-catenin <-> Slimb b-TrCP 9461217 9784611 10072378
Axin <-> PP2A 9920888
Axin <-> LRP 11336703
Axin <-> GSK-3b GSK3 GSK3beta 9482734 9501208 9601644
Axin <-> APC 9482734 9501208 9601644
PP2A <-> APC 10092233
Axin <-> Diversin 12183362
beta-catenin <-> TCF 0000000
TCF <-> Groucho 9783586
Groucho <-> HDAC 10485845
beta-catenin <-> Legless Bcl9 11955446 11967528 12015286 
beta-catenin <-> Pygopus pygopus pygo 11955446 11967528 12015286
beta-catenin <-> Chibby 12712206
TCF <-> CBP P300 9774110 10775268 10769018
beta-catenin <-> Pitx2 12464179
beta-catenin <-> Brg-1 11532957
beta-catenin <-> Pontin52 Pontin pontin 11080158
beta-catenin <-> Reptin52 reptin Reptin 11080158
beta-catenin <-> XSox17 10549281
beta-catenin <-> Smad4 10693808
TCF <-> CtBP 10375506 
TCF <-> HBP1 11500377
TCF <-> Lit1 NLK Nemo 10380924 10391247 10391246
Lit1 NLK Nemo <-> TAB1 TAK1 MOM-4 10380924 10391247 10391246
Teashirt Tsh <-> beta-catenin 10205174
beta-catenin <-> ICAT 10898789

Wnt Pathway Project:Wnt Pathway Project:
Human Curation Human Curation vsvs NLPNLP
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Overview of NLP for Overview of NLP for WntWnt Signaling Signaling 
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Link Interaction DetectionLink Interaction Detection

Total manually sample counted 370 
Total Gold Standard Associations 
Detected 

31 of 53 (58%) 

Parse/Extract Precision 
Total correct (direct+indirect, ignoring 
name errors): 

344 of 370 (92%) 

Parse/Extract Recall with respect to Gold 
Standard Wnt Signaling Review Derived 
Set 

31/53 (58%) 

Separate Unique Interactions (overall) 1176 
Separate Unique With Correct Name 
Recognition 

1043 
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Variations on a Name: NFVariations on a Name: NFκκBB

 154361 nf- kappab  
15507 nf-kappab   
12744 nf kappab  
8586 nf-kappa b  
1904 nfkappab   
871 nf- kappab  

Query: NF-kappa B
8000 abstracts
2000 full text

Solution: Regular expressions?
It works for PreBIND!

But…
Nuclear Factor kappa B 
kappa B Enhancer Binding Protein 
Immunoglobulin Enhancer-Binding Protein 
Enhancer-Binding Protein, Immunoglobulin 
Immunoglobulin Enhancer Binding Protein 
Transcription Factor NF-kB
Factor NF-kB, Transcription 
NF-kB, Transcription Factor 
Transcription Factor NF kB
Ig-EBP-1 
Ig EBP 1
NF-kB
NF kB
NFkB
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Gene Name TaggingGene Name Tagging

Domain specific dictionary
– Identify species from MeSH 

annotations
– Build gene name table 

based on species
Efficient suffix tree algorithm

– Million gene names and 
synonyms

– Case dependent and 
independent matching

Resolving ambiguities
– Neighboring term frequency 

based classifier

Human “gene rifs” analyzed
95,214

Tagged
82,587

Correct gene
76,447

Precision/accuracy = 92.6%
Recall = 80.3%
And…

545,540 tags including 
multiple occurrences and many 
more genes
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Text Tagging and IndexingText Tagging and Indexing

Cell lines 216,504
Gene names 1,139,220
Mesh heading  7,450,689
Substance 496,518

Documents 121,899
Sentences 2,167,762

Text Processing Pipeline
1. Query
2. Pubmed search
3. Document retrieval
4. Conversion to XML
5. Document structure parse
6. Sentence splitting
7. Named entity tagging
8. Named entity resolution
9. Deep parsing

Biomedical text is information rich!
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Graphical Summarization of Complex Graphical Summarization of Complex 
Data in the Biomedical LiteratureData in the Biomedical Literature

A single paper references dozens of genes and 
hundreds of gene to gene relationships

Graphical representation
– Genes as nodes
– Gene to gene relationships as edges

Applications
– Powerful visual interface
– Unification across the center (Concept maps, )
– Accessible to computational search (SAGA)



National Center for Integrative Biomedical Informatics

Graph Based Literature SearchGraph Based Literature Search

Subgraph matching 3 nodes
and 2 edges

Subgraph matching 3 nodes
but no edges

Full text named entity tagging of the query and target
Nodes => genes, Edges => sentences referring to a pair of genes
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Graphical Text SummarizationGraphical Text Summarization

Genes and relationships in Lee AW, States DJ (2000) Mol Cell Biol. 2000 Sep;20(18):6779-98. 

Nodes => genes Edges => sentences referring to multiple genes

CSF1 CSF1RGAB1GAB2

MAPK1

AKT1

SHC1

CBL

GRB2
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Document and MultiDocument and Multi--document document 
SummarizationSummarization

Complex task with many applications
– One shoe is not going to fit all feet

Graphical description of information relationships within 
one or more document(s)

Provide multiple measures of term and sentence 
similarity
– Position in the document
– Lexical similarity (LexRank)
– Centroid in the graph of sentence relationships

Allow the user to interactively weight differement
measures

Drago Radev
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Named Entity TaggingNamed Entity Tagging

Gene 
Names

Chemicals

Genetic
Markers

Diseases

Cell Lines

Tissues

Cytogenetic
Bands

Genomic 
Locations

Corpus
MeSH 
Terms
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Overview: Data ResourcesOverview: Data Resources

MarkerInfoFinder incorporates four major categories:
Genetic markers:

– SNP: dbSNP/SNP search web service
– STS/Microsatellite: UniSTS

Chromosome/Genomic Locations:
– Cytoband: extract from free text
– Genomic locations-based search

Gene/Probe:
– Batch sequence IDs: Gene, UniGene, GenBank, Affymetrix Probe.
– Gene/protein keyword search, to locate a set of genes.

Diseases:
– Normalized names. OMIM, for human genetic inherited diseases. 
– Supplement: UMLS (semantic: disease/syndrome), ICD
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Genetic Marker StatisticsGenetic Marker Statistics
Gene/Protein initial list 881,089 unique terms 

212,085 flexible patterns 
576,286 strict named entity patterns 

Word frequency statistics 556,974 filtered single words 

STS name dictionary 924,302 STS, 454,439 unique 

Medline citations In our database: 15,572,691 citation, 
8,018,148 abstracts 

Detected STS  1,041,646 occurrences 

Detected cytoband 248,048 occurrences 

Identified gene/protein Mapped to 22,257 unique Entrez Gene IDs 

 
Fan Meng



National Center for Integrative Biomedical Informatics

BrainArrayBrainArray: : GeneInfoMinerGeneInfoMiner

User input

User input



National Center for Integrative Biomedical Informatics

Search for SNP/STS/Search for SNP/STS/MicrosatelliteMicrosatellite
RrelatedRrelated Papers:Papers:



Genetic Marker to Literature MappingGenetic Marker to Literature Mapping

– Genomic Location View

– MeSH group view
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Links to External Database/WebsitesLinks to External Database/Websites
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Selecting Most Relevant PapersSelecting Most Relevant Papers
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Examine genes in an abstract

Review journal information

Linking Through LiteratureLinking Through Literature
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Export Citations to Citation ManagersExport Citations to Citation Managers



Search by Chromosome Regions Search by Chromosome Regions 
((cytobandcytoband/location)/location)
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Gene/Protein RetrievalGene/Protein Retrieval

Retrieve all gene/proteins containing search keywords

web service calls
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Disease and Keyword SearchDisease and Keyword Search

Return a list of disease names for given keywords
Users can select disorders of interest, our system will 

return a set of filtered citations.
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KnowledgeKnowledge--Based Genome Wide Based Genome Wide 
Association AnalysisAssociation Analysis

Knowledge-based analysis of gene expression data, 
such as GSEA and SigPathway is very useful in 
providing novel insights

Consider functionally related SNPs together in Genome 
Wide Association (GWA) analysis is important due to 
the nature of complex disorders.

Existing knowledge, in the form of pathways and 
function categories, provides many elementary 
hypotheses for statistical tests

Develop methods for automated evaluation of analysis 
results
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ReRe--analysis of the analysis of the PerlegenPerlegen/Mayo /Mayo 
Clinic ParkinsonClinic Parkinson’’s Disease Tier 1 Datas Disease Tier 1 Data

Method GSEA p=3 set size>=10 Mayo Clinic-Perlegen Tier 1

Top ranked 
gene cutoff PD  co-occurrence # p-value PD co-occurrence # p-value

10 2 0.053 0 0.32

20 3 0.039 1 0.54

30 6 0.001 1 0.69

50 10 0.000 3 0.30

100 11 0.002 7 0.09

200 14 0.021 9 0.35

500 30 0.010 20 0.44
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MooreMoore’’s Law, Data Growths Law, Data Growth
and the Need for Algorithmsand the Need for Algorithms
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